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o, A
Phsse space dersity (m 8 )

A CME shock on 1994/2/21  Evidence of diffusive acceleration
(Shimadaet al. Ap. Space Sci., 1999) both for ionsand electrons
Shock front at 1 AU.
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SN 1006

NE-RIim

Shock Fronts

Chandra

shock heated plasmaur
narrow layers

0.01pc~10%ecm ~
electron gyro-radius
of 10 TeV

Fermi acceleration model

—> large diffusion is requirec
diffusion coefficient
n= D/Dg ~ 1 (Bohm limit)

Bamba et al. (2002)
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Type 2 event: 1998 August 24-26 H=F X<~ BT U)lix
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25 July 2002, ‘ Frontiers of Magnetospheric Plasma Physics

Kasabaet d., (JGR, 2000 Jan)
plasma waves and backstreaming electrons in the foreshock region

whole cases ~ phi=70-90 phi=50-70 phi=30-50

dB{(V/im)
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WIND (Baleet a., GRL 1999)
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reconnection in the lower corona -> electron acceleration (10-100 keV
-> type 3B/ \— X

Krucker et a. (1999) Shibata and Y okoyama (1996)
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Solar flares
magnetosphere

Laboratory/fusion plasmas
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B INE D IZEAEIRSG: Diffusive Shock Acceleration

Blandford and Ostriker (1978)

THE ASTROPHYSICAL JOURNAL, 221:L.29-1.32, 1978 April 1

PARTICLE ACCELERATION BY ASTROPHYSICAL SHOCEKES

K. D. BLANDFORD
California Institute of Technology

g{_l_(u.-p}f—v-{ﬂllnn'fﬁ' ]alnp]
or (1)
g_—i — ﬂ—a[ﬂucm“ﬂ 'i] How = w)b(x) | 290 1!']
(1b)

This equation must be solved on either side of the
shock and the solutions joined by imposing continuity
[by 8(x)] of the distribution function f and the particle
energy flux, at a given EﬂE.'T , normal to the shock,
—udf/d In p* — «¥f [to O (u ] where x = D cos? 4.

In a stationary solution, the flux uf — x¥f must be
constant on either side of the shock; f will approach
asymptotic values /_(f,) as the distance from the
shock 22— —= (x—+=). As x> 0, the solution
behind the shock must be f=f,, :trE 0, whereas
ahead of the shock

Fef il —FfVexo la £ deie (+7]1

AND

J. P. OSTRIKER

Princeton University Observatory

x = (. However, independent of the variation of «
we can relate Jl"+. /-, using the Junctmn conditions t
obtain dj+;'cf In p? = (fy — fO)u_/(uy — u_), of whic
the solution is

filp) = gpo d{;’}_@r}ﬁf{ri}dpx : (2

with ¢ = 3#/(r — 1). That is to say, incident cosmi
rays of space density #_ and momentum p, are Fern
accelerated by the shock to give a power-law distribu
tion fi(p) = n_pplea(p — pu}qu& - 3)p . I f_ o

#° with 5 < g, then [, = ¢/(¢g — 5)/_ = #~*. How
ever, if s < ¢, lower-energy particles will be accelerate
to give f, = p~9, where the coefficient is determine
by the number of particles for which Fermi acceleratio;
is more important than thermalization by collisionles
processes behind the shock and ionization losses. Fo
particles accelerated in this way, the mean energ
gain is 3/(5 = 2r), r < 2.5 for nonrelativistic particles
and 3/(4 —r), r <4 for ultrarelativistic particles
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NizmEEFR-EZE R —>RAFI0E (Reams, 1996)
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Solar Energetic Particles (=10MeV) / Largest 10 events

in the 1967-2000 interval
courtesy of Dr. Watar1 (CRL)

ranking date maximum flux *
_>] 4 Aug 1972 &6, 000
2 24 Mar 1991 43,000
3 20 Oct 1989 40,000
2003/10/28
= 15 July 2000 24,000
~30,000 sfu
5 09 Nov 2000 13,300
6 21 Feb 1994 10,000
7 13 Aug 1989 9,200
8 01 Dec 1989 1,200
9 09 May 1992 4,600
10 30 Sep 1989 4,500

* SEP flux unit= protons/(cm? sec str)
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Solar Energetic Particles (=10MeV) / Largest 10 events

in the 1967-2000 interval
courtesy of Dr. Watar1 (CRL)

ranking date maximum flux *

_>] 4 Aug 1972 &6, 000

2 24 Mar 1991 43,000

3 20 Oct 1989 40,000

2003/10/28
4 15 Tuly 2000 24,00 Cu—(—
~30,000 sfu

5 U9 Nov 2000 13,300

6 21 Feb 1994 10,000

7 13 Aug 1989 9,200

8 01 Dec 1989 7,200

9 09 May 1992 4,600

10 30 Sep 1989 4,500

* SEP flux unit= protons/(cm? sec str)



Bastille flare images
14 July 2000
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the Bastille-day solar storm
3B/X5.7 flare (N22W07) at 10:03 on 14 July 2000
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_ _TLucek and Bell D & im (FI5181R) B A 5
MNRAS 314, 65 (2000) EYDER.... McKenzie & Voelk (1982)

Non-linear amplification of a magnetic field driven

by cosmic ray streaming .
S. G. Lucek™ and A. R. Bell* 71~ (By/0B)’<<1£73 H AT HETE?!

ABSTRACT

One-, two- and three-dimensional numerical results of the non-linear interaction between
cosmic rays and a magnetic field are presented. These show that cosmic ray streaming drives
large-amplitude Alfveénic waves. The cosmic ray streaming energy is very efficiently
transferred to the perturbed magnetic field of the Alfvén waves, and the non-linear time-
scale of the growth of the waves s found to be very rapid, of the order of the gyro-period of
the cosmic ray. Thus, a magnetic field of interstellar values, assumed in models of supernova
remnant blast wave acceleration, would not be appropriate in the region of the shock. The
increased magnetic field reduces the cosmic ray acceleration time and so increases the maxi-
mum cosmic ray energy, which may provide a simple and elegant resolution to the highest
energy Galactic cosmic ray problem, where the cosmic rays themselves provide the fields
necessary for their acceleration.

Key words: acceleration of particles — magnetic fields — waves — cosmic rays.

fh1=. Bell and Lucek, MNRAS 321, 433 (2001): LD/ DDDOE
Drury et al., AA in press, aph/0309820: it FH (beyond knee?)
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Hillas' argument on the maximum attainable energy
(also by Makishima, 1999) Cmax = ZeL
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Hillas' argument on the maximum attainable energy

(also by Makishima, 1999)
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Emax = ZefB L

Emax: the maximum
energy attainable through
the accel eration process

Z. Charge number

S: plasmavelocity (u/c)

B: magnetic field strength

L: system size

- Shock acceleration

- Trapping condition:

(Pg<=L)

- Reconnection



The end



